In humans, computed tomography (CT) is a widely performed technique for the diagnosis and staging of gastric tumors. The purpose of this retrospective case series study was to describe CT findings in a group of dogs with confirmed gastric tumors. For each included dog, the following CT parameters were recorded: gastric tumor location, tumor shape, gastric involvement pattern, tumor enhancement pattern in early and late phases, presence and location of lymphadenopathy, gastric tumor attenuation values, attenuation values of enlarged lymph nodes, maximum shortaxis diameter (mm) of enlarged lymph node, maximum long-axis diameter (mm) of enlarged lymph node, and short-axis diameter to long-axis diameter ratio (short axis/long axis). A total of 16 dogs met inclusion criteria and had the following final diagnoses: five lymphoma, six adenocarcinoma, three inflammatory polyps, and two leiomyoma. In the early-and delayed-phase postcontrast images, the mean CT attenuation value for lymphoma was lower than that of other gastric tumors. Lymphadenopathy was widespread in lymphomas and regional in adenocarcinomas. Lymphadenopathy was not detected in leiomyomas. Lymph node measurements in lymphoma were larger than lymph node measurements in adenocarcinoma. Although there were overlapping findings for the different types of gastric tumors, contrast-enhanced CT provided helpful information for characterizing gastric tumors based on the following criteria: early and late enhancement patterns, the site of origin of the mass lesion, and extent of local invasion and distant metastases.
INTRODUCTION
Tumors of the canine gastrointestinal tract are uncommon and account for less than 1% of all reported neoplasms. 1, 2 The majority of gastric tumors are malignant, epithelial in origin, and affect the distal two-thirds of the stomach. 3, 4 Reported tumors include adenocarcinomas, leiomyosarcomas, lymphomas, leiomyomas, polyps, adenomas, gastrointestinal stromal tumor, plasmocytoma, mast cell, and fibrosarcoma. 2, [5] [6] [7] [8] [9] In veterinary medicine, standard imaging modalities used to characterize and stage gastric masses include radiography, ultrasonography, and endoscopy. 9, 10 On radiography, gastric masses may be recognizable if the stomach is filled with air. However, radiology of the stomach for intramural lesions is usually not helpful. 4 The advantages of ultrasonographic evaluation of the stomach include the noninvasive nature of the examination 9 ; however, ultrasonographic evaluation of the stomach can be limited by the presence of gas or food in the stomach. 11 Additionally, the ability to properly identify the correct location of a mass can be challenging by ultrasonographic evaluation. 9 Endoscopy can be used to evaluate gastric wall and mucosal lesions, 4, 12 and endoscopic biopsies can also be performed for histopathological diagnosis. 12 Endoscopically performed biopsies have produced accurate results in 59% of cases. 9 The limitation of endoscopic biopsy is due to the small tissue samples achievable with endoscopic biopsy forceps, which are unable to reach the deeper layers of the stomach. 9 Additional biopsy methods may be required to obtain the correct diagnosis, leading to false negative studies of the stomach. 9 In humans, computed tomography (CT) is the most widely performed technique for diagnosis and staging of gastric tumors, 13 and can be helpful for characterizing a tumor by using contrast enhancement, determining the site of origin of a mass lesion, delineating the full extent of a tumor, and detecting local invasion and distant metastases. 14 To our knowledge, there is limited published information on the CT characteristics of gastric tumors in dogs. The purpose of this study was to assess the CT findings of canine gastric tumors, including lymphomas, adenocarcinomas, inflammatory polyps, and leiomyomas.
METHODS
This study was a retrospective case series design. The relevant Ethics and Welfare committees granted approval for the retrospective study prior to publication. All dogs with suspected gastric tumors that had undergone CT examinations at our institution between 2014 and 2017 were considered for inclusion in the study. The following were 
Computed tomographic imaging techniques
As part of the inclusion criteria for the study, all CT scans were performed using a multidetector 16-slice CT scanner (SOMATOM Scope; SIEMENS, Tokyo, Japan or Activion16; Toshiba Medical Systems Corporation, Tochigi, Japan) in helical scan mode. All dogs had undergone general anesthesia and were positioned in the supine position. All dogs under general anesthesia were ventilated during CT examinations. Apnea was induced during the acquisitions by stop ventilator. Total-body scan was performed in all dogs. Computed tomography acquisition protocols were standardized. Technique settings for CT scans included the following: in SOMATOM Scope, CT was performed with a pitch of 0.65, with scan thickness of 1.2 mm, 100 mAs, 120 kV, patient size adjusted display field of view, and abdomen reconstruction filters. Images were reconstructed at 2 mm slice thickness with abdomen filters and pulmonary filters. In Activion16, CT was performed with a pitch of 0.9, rotation time of 0.75 s, scan thickness of 0.5 mm, 100 mAs, 120 kV, patient size adjusted display field of view, and abdomen reconstruction filters. Images were reconstructed at 2 mm slice thickness with abdomen filters (FC03) and pulmonary filters (FC53). For all dogs, air had been placed into the stomach by endoscope or gastric tube when the stomach was distended incompletely at precontrast CT examination. Therefore, the precontrast scan was repeated if the stomach was not distended. For contrast-enhanced studies, all dogs received 2 mL/kg nonionic contrast medium (300 mg/mL Ioverin 300; Teva Pharma Japan, Inc., Aichi, Japan), administered via an indwelling intravenous cannula placed in the cephalic veins. The injection time was 20 s. The contrast-enhanced study was performed in the early-phase (20 s after the injection of contrast medium) and in the delayed-phase (60 s).
Image analysis techniques
For image analyses, CT images were displayed in an abdominal window setting (window level = 35 HU (Hounsfield units), window width = 360 HU) on a computer workstation using commercially available DICOM image viewing software (OsiriX 4.1.2, 32 bit, Pixmeo, Switzerland). To assess pulmonary metastasis, CT images were displayed in a pulmonary window (window level = -600 HU, window width = 1500 HU). All CT images were reviewed by two experienced veterinary radiologists (T.T. and K.M.), and the CT features were recorded by consensus. Observers were aware of final diagnoses at the time of CT image review. All images were assessed in random order in three different readout sessions with at least a 2-week interval between each session to minimize potential bias.
In the first session, only precontrast images were reviewed. In the second session, early-phase postcontrast images were reviewed.
In the third session, delayed-phase postcontrast images were reviewed.
The following qualitative CT parameters were recorded: location of gastric tumor (cardia, small curvature, large curvature, antrum, and pylorus) and tumor shape (localized mass lesion, polypoid form, wall thickening). According to the literature, 15 Multiplanar reformatting was used to determine the length of the stomach. The pattern of gastric involvement was considered as diffuse (wall thickening > 50% of the length of the stomach), segmental (wall thickening 50% of the length of the stomach), or focal involvement (forming a localized mass lesion or a polypoid form). The enhancement pattern was considered as homogeneous or heterogeneous depending upon whether there was less or more than 10 HU of difference in enhancement present in the affected segment. 16 The enhancement patterns of gastric tumors in the earlyphase and the delayed-phase were defined as homogeneous or heterogeneous. Lymphadenopathy was determined to be present when the length or width of lymph nodes was more than 5 mm. 17, 18 The presence and location of lymphadenopathy were defined as regional (confined to the drainage area of the involved tumor) or widespread (beyond the area of drainage). The enhancement patterns of lymph nodes in the early-phase and in the delayed-phase were defined as homogeneous or heterogeneous.
The following quantitative CT parameters were recorded: attenuation values (Hounsfield units, HU) of the gastric tumor, enlarged lymph nodes, and erector spinae muscles. Attenuation values of erector spinae muscles were measured at the level of the third lumber vertebra. All measurements of tumors, enlarged lymph nodes, and erector spinae were performed three times for each case by one reader (T.T.), and then the mean values were averaged within each group.
The mean attenuation of each tumor was measured on precontrast, early-phase postcontrast, and delayed-phase postcontrast images by manually drawing three regions of interest to fit the lesion and excluding cystic and necrotic areas. The mean HU and SD values in the precontrast, early-phase postcontrast, and delayed-phase postcontrast images were calculated. According to the literature, 19 the maximum F I G U R E 1 Computed tomographic images illustrating how lymph node measurements were performed in transverse (A), sagittal (B), or dorsal (C) planes. In each plane, short-axis diameter (solid line) and long-axis diameter (dotted line) of each enlarged lymph nodes were measured. The maximum short-axis diameter and maximum long-axis diameter values were recorded and used in analyses short-axis diameter (mm) and maximum long-axis diameter (mm) of enlarged lymph nodes were measured in any reformatted plane (transverse, sagittal, or dorsal; Figure 1 ). The short-axis diameter to longaxis diameter ratio (short axis/long axis) was also calculated. The mean diameter and SD values in short axis, long axis, and short axis/long axis were calculated.
Statistical analyses
Descriptive statistics were performed using commercially available 
T.). Data normal-
ization of quantitative CT data was assessed using the Shapiro-Wilk test, which indicated that parametric testing was required. A P-value of < 0.05 was considered to be significant.
RESULTS

Dogs
A total of 71 dogs met initial criteria and a total of 16 dogs met the final criteria for inclusion in analyses. Tumors were diagnosed as lymphoma (n = 5, 29%), adenocarcinoma (n = 6, 35%), inflammatory polyp (n = 3, 18%), or leiomyoma (n = 2, 12%). All lymphoma and inflammatory polyp diagnoses (100%) were based on endoscopic biopsy. For adenocarcinoma diagnoses, four of six (67%) were based on endoscopic biopsy, and two of six (33%) were based on surgery with excisional biopsy.
For leiomyoma diagnoses, all (100%) were based on surgery with excisional biopsy. All gastric tumor type diagnoses were confirmed by histopathology.
The group of dogs with lymphoma consisted of neutered males (n = 2), a male (n = 1), and spayed females (n = 2). The mean age (±SD) of dogs with lymphoma was 10.6 ± 2.8 years. Breeds of dogs with lymphoma were Shiba (n = 1), Labrador Retriever (n = 1), Dachshund (n = 2), and Golden Retriever (n = 1). Lymph nodes except for the pancreaticoduodenal lymph nodes were sampled by ultrasoundguided fine needle aspiration. All lymph nodes except the pancreaticoduodenal lymph nodes were diagnosed with lymphoma by cytology.
The group of dogs with adenocarcinomas consisted of neutered males (n = 1), males (n = 4), and a female (n = 1). The mean age (±SD) of dogs with adenocarcinomas was 11.5 ± 1.26 years. Breeds of dog with adenocarcinomas included Border Collie (n = 1), French Bulldog (n = 1), Shiba (n = 1), mix (n = 1), Dachshund (n = 1), and Kai Ken (n = 1). Lymph nodes except gastric and pancreaticoduodenal lymph nodes were sampled by ultrasound-guided fine needle aspiration. In two cases, gastric and pancreaticoduodenal lymph nodes were removed during surgery.
All sampled lymph nodes were diagnosed as having evidence of metastasis by cytology or histopathology. The causes of the enlarged gastric and pancreaticoduodenal lymph nodes without sampling were unknown.
The group of dogs with inflammatory polyps consisted of a neutered male (n = 1), a spayed female (n = 1), and a female (n = 1). The mean age (±SD) of dogs with inflammatory polyps was 11.3 ± 1.25 years, and the breeds included Cavalier King Charles Spaniel (n = 2) and Yorkshire terrier (n = 1).
The group of dogs with leiomyomas consisted of a male (n = 1) and a spayed female (n = 1). The mean age (±SD) of dogs with leiomyoma was 12.5 ± 0.5 years, and breeds included miniature pinscher (n = 1) and maltese (n = 1).
Qualitative computed tomographic features
In dogs with lymphomas, gastric lesions were located in the cardia, small curvature, large curvature, and antrum (n = 1), the small curvature and large curvature (n = 2), the cardia, small curvature, large
TA B L E 1 Computed tomographic features for each group of dogs with gastric tumors
Number and frequency of gastric tumors
Lymphoma
Adeno carcinoma Inflammatory polyp Leiomyoma
Tumor shape
curvature, and pylorus (n = 1), and the antrum (n = 1). In dogs with adenocarcinomas, gastric lesions were located in the pylorus (n = 1), the small curvature, large curvature, and antrum (n = 1), the cardia, small curvature, antrum, and pylorus (n = 1), the small curvature, large curvature, antrum, and pylorus (n = 1), the antrum and pylorus (n = 1), and the small curvature, large curvature, antrum, and pylorus (n = 1).
In dogs with inflammatory polyps, gastric lesions were located in the pylorus (n = 3). In dogs with leiomyomas, gastric lesions were located in the cardia (n = 2).
In terms of the pattern of gastric involvement, lymphomas were classified as diffuse (2/5; 40%), segmental (3/5; 60%), and focal (0/5; 0%). Adenocarcinomas were classified as diffuse (3/6; 50%), segmental, (3/6; 50%), and focal (0/6; 0%). Inflammatory polyps were classified as diffuse (0/3; 0%), segmental (0/3; 0%), and focal (3/3; 100%). Leiomyomas were classified as diffuse (0/2; 0%), segmental (0/2; 0%), and focal (2/2; 100%).
In terms of tumor shape, all lymphomas (5/5; 100%) and adenocarcinomas (6/6; 100%) displayed wall thickening. All inflammatory polyps were polypoid form (3/3; 100%), and all leiomyomas were localized mass lesions (2/2; 100%). Table 2 .
Representative computed tomography images of adenocarcinoma (A) and leiomyoma (B) gastric tumors displayed in a reformatted dorsal plane. The adenocarcinoma was located in the small curvature, large curvature and antrum; and was classified as diffuse, wall thickening, and heterogeneous enhancement patterns (arrowhead). The leiomyoma was located in cardia and was classified as focal, localized mass lesion, and heterogeneous enhancement patterns (arrow). * Esophagus
Quantitative computed tomographic features
In the precontrast images, the mean HU was 32.5 ± 10.9 for lymphoma cases, 40.7 ± 2.6 for adenocarcinoma cases, 42. In the precontrast images, the mean HU of enlarged lymph nodes was 42.9 ± 1.9 for the lymphoma cases and 36.9 ± 8.6 for the adenocarcinoma cases. The mean HU of erector spinae was 41.4 ± 7.8. In the early-phase postcontrast images, the mean HU of enlarged lymph nodes was 70.0 ± 20.3 for the lymphoma cases and 61.7 ± 27 for the adenocarcinoma cases. The mean HU of erector spinae was 48.5 ± 8.9.
In the delayed-phase postcontrast images, the mean HU of enlarged for the adenocarcinoma cases. The mean HU of erector spinae was 51.1 ± 7.6 ( Figure 6 ).
TA B L E 2 Computed tomographic features of lymphadenopathy for each group of dogs with gastric tumors
The long axis, short axis, and short axis/long axis of enlarged lymph nodes in the lymphoma and adenocarcinoma cases are summarized in Table 3 . Each lymph node in dogs with adenocarcinoma was slightly larger than values reported in normal canines. 17, 18 Representative figures of enlarged lymph nodes in the lymphoma and adenocarcinoma cases are shown in Figure 7 .
DISCUSSION
In humans, lymphomas typically involve segmental or diffuse wall thickening of the stomach. 20 Features of extranodal lymphomas are not specific and usually cannot be differentiated from those of other forms of lymphoma. 21 Primary differential diagnoses for gastrointestinal lymphoma in dogs include adenocarcinoma and smooth muscle tumors. 2 In humans and dogs, adenocarcinoma is malignant and epithelial in origin, 22, 23 and infiltrates submucosal areas. 2, 24 In dogs, adenocarcinoma is often located in small curvature and pylorus. 25 In humans, the main CT findings of gastric carcinoma are local or diffuse gastric wall thickenings with variable enhancement and intraluminal soft tissue mass. 24, 26 It is not possible to differentiate gastric lymphoma from adenocarcinoma based on the CT appearance of the stomach alone. 15 In this sample of dogs, lymphomas and adenocarcinomas had overlapping CT characteristics for the following categories: location of gastric tumor, patterns of gastric involvement, adenocarcinomas. 27 Mean CT attenuation values for lymphoma in early-and delayedphase postcontrast images were lower than the mean attenuation values of other gastric tumors. Authors hypothesize two possible reasons for this observation, one of which is the involved area of lymphoma, and the other is the lymphoma cell density. In dogs, most gastric lymphomas involved diffuse infiltrates in the submucosa and lamina propria. 28 The normal gastric wall is histologically classified as four slices: mucosa, submucosa, muscular layer, and serosa. 26 Computed tomography makes it possible to identify the layer structure of the gastric wall after contrast material injection. 29 The inner layer with high attenuation corresponds to the mucosa layer in the delayed-phase.
Therefore, the lower attenuation values in lymphomas may have been influenced by the involved area of the lymphoma. Nonionic contrast medium rapidly distributes from the vasculature to the interstitial spaces of the organs. 30 Lymphomas are highly cellular tumors, 31, 32 and because of lymphoma infiltration, gastric tissue interstitial spaces may be narrowed. Therefore, the lower attenuation of lymphoma may have been influenced by the lymphoma cell density. Authors therefore propose that the lower attenuation of gastric tumors in the earlyand delayed-phase postcontrast images may be a specific finding of lymphoma in dogs.
TA B L E 3 Computed tomographic measurements of Lymph Nodes in dogs with Lymphoma and Adenocarcinoma
In this study, adenocarcinomas and inflammatory polyps had similar attenuation values in the early-and delayed-phase postcontrast images and also similar enhancement patterns. Adenocarcinomas and inflammatory polyps are epithelial in origin. 22, 23 In humans, the mucosa layer displays high attenuation in the postcontrast images, 29 and attenuation in such images may be influenced by the origin of the gastric tumor. Enhancement patterns are closely related to blood supply and histologic characteristics, such as the presence of inflammatory or bland spindle cells admixed within edematous, myxoid, and loose collagenous stroma, blood vessels, perivascular fibroblastic proliferation, and hyalinization. 26, 33 In this study, adenocarcinomas and inflammatory polyps had different patterns of gastric involvement and tumor shape. However, a previous human study stated that the appearance of gastric adenocarcinoma varies according to the shape and stage of the tumor. 23 Early gastric adenocarcinoma presents as a hyperattenuating polypoid lesion with intact submucosa, hyper-enhancement of the thickened mucosa, or a mucosal defect. Another human study reported that the overall prevalence of carcinomas in inflammatory polyps is less than 2%. 34 Especially, inflammatory polyps have a potential of containing carcinomas when the size is larger than 2 cm. 23 In humans, leiomyomas usually manifest as homogeneous, hypoattenuating masses with an endoluminal growth pattern. 35 In the dogs of this study, leiomyomas showed heterogeneity in enhanced images.
Enhancement patterns are related to calcification, hyaline, and cystic degeneration, infection, necrosis, and vascular supply. 36 In this study, leiomyomas in the early-and delayed-phase postcontrast images tended to display higher mean attenuation than lymphomas.
In humans, leiomyomas arise from the muscularis mucosa or the muscularis propria, 37 and on contrast enhanced CT, the high attenuation corresponds to the mucosa and its muscular layer. 26 In this study, leiomyomas presented as localized, focal mass lesions occurring in the cardia. Leiomyomas can be single or multiple and are often pedunculated mass. 38 Most (94%) leiomyomas occur in the cardia of the stomach or at the gastro-oesophageal junction. 38 On the other hand, malignant gastric tumors that generally are found in the distal two-thirds of the stomach. 39 Authors propose that leiomyomas may be differentiated from gastric lymphomas based on the site of origin of the mass lesion, the postcontrast attenuation of the lesion, the pattern of gastric involvement, and the tumor shape.
Approximately 74% of dogs with adenocarcinomas have metastasis at the time of presentation. 3 Regional lymph nodes are the most frequently metastatic sites. Other metastatic sites included omentum, peritoneum, duodenum, liver, pancreas, spleen, kidney, esophagus, adrenal glands, and lungs. In this study, lymphadenopathy was
Computed tomographic images illustrating lymphadenopathy in (A) gastric lymphoma and (B) gastric adenocarcinoma. Widespread, bulky, and rounded lymphadenopathy was detected in lymphoma; and pancreaticoduodenal (arrowhead), ** hepatic, and * splenic lymph nodes were enlarged. ** Hepatic and * splenic lymph nodes were enlarged for adenocarcinoma detected in dogs with lymphoma and adenocarcinoma. Only one case of adenocarcinoma showed a presumed metastatic pulmonary lesion.
Lymphadenopathy was not detected in dogs with inflammatory polyps and leiomyomas. Authors propose that absence of lymphadenopathy may increase the likelihood of a benign lesion.
The reported lengths and widths of each normal canine lymph node, including gastric, hepatic, splenic, pancreaticoduodenal, and jejunal nodes are summarized in Table 4 . 17, 18 In humans, the size of lymph nodes is the most frequently used criterion for the assessment of lymph node metastasis. 26 In the dogs of this study, regional lymph nodes were considered abnormal if they exhibited an increased short axis/long axis ratios (> 0.47), resulting in a rounded appearance, 19 which is associated with malignancy in lymph nodes. In dogs with lymphomas and adenocarcinomas, all enlarged lymph nodes (except the jejunal) displayed a rounded appearance. Lymph nodes in lymphoma and adenocarcinoma cases were larger than published normal values.
Each lymph node in lymphoma cases was larger than corresponding lymph nodes in adenocarcinoma cases. In contrast, each lymph node in adenocarcinoma cases was barely larger than each corresponding lymph node in normal canines. Authors therefore propose that lymph nodes in dogs with gastric lymphomas may tend to adopt a more bulky and rounded appearance.
In canines, a heterogeneous and/or ring enhancement pattern of lymph nodes on CT has been related to metastatic disease. 17, 40 In humans, lymphomas demonstrate a "fish flesh" appearance on gross specimen examination, with necrosis being infrequently present. 41 Therefore, homogeneous enhancement is more commonly seen in lymphomas, and 17% of lymphomas demonstrate heterogeneous enhancement. 41 In this study, enlarged lymph nodes of the lymphoma cases and lymph nodes of adenocarcinoma cases showed similar gastric region. 44 Drainage areas of gastric cancer include gastric, hepatic, splenic, and pancreaticoduodenal lymph nodes. 44 In this study, adenocarcinoma showed regional lymphadenopathy, while lymphoma showed widespread lymphadenopathy. In humans, lymphadenopathy that extends below the level of renal hilum also favors gastric lymphoma rather than gastric carcinoma. 16 Therefore, authors propose that widespread lymphadenopathy may increase the likelihood of gastric lymphoma.
To distend the stomach and improve detection of gastric wall thickening, hydro-CT with water distention of the stomach has been reported in veterinary medicine. 10 In humans, Hydro-CT, CT with multi-planar reformatting and virtual endoscopy with air distention of the stomach have also been described as methods for improving gastric wall assessments. [45] [46] [47] [48] Virtual endoscopy image reconstruction is not possible after the administration of water. 46 When CT with air distention of the stomach has been performed, ultrasonography can be of limited value. 49 To our knowledge, there is only one report describing CT with virtual endoscopy by air distention of the stomach in the normal canine. 50 In this study, air distention of the stomach by CT helped in visualizing gastric tumors and no complications or problems with post-CT endoscopy were observed. Findings therefore supported CT with air distention of the stomach as a useful technique to assess gastric lesions.
In humans, contrast distribution depends on various factors, such as cardiac output, vascular status. 51 These factors on the uptake of contrast medium by skeletal muscles are minimal. 52 Low skeletal mus-
cle CT values with no enhancement are considered to be a poor prognostic factor in human metastatic gastric cancer patients receiving chemotherapy. 53 The cutoff values for determining a low skeletal muscle CT attenuation are <33 HU in obese and <41 HU in nonobese human patients. 53 In humans, inter-rater reliability of skeletal muscle CT values including erector spinae has been reported. 52 Therefore, we measured CT attenuation values of erector spinae as a control. Unfortunately, we did not study the relationship between prognosis of gastric tumors and CT value of erector spinae.
This study has some limitations. 
